The mixture of Nano-graphite and organic vehicles doped to Nano-diamond paste. The suitable paste proportion was found. Nano-diamond film (NDF) was prepared by sol-gel coating method on ITO glass at 3000/min. The field emission characteristics of luminance-current, luminance-voltage and luminance-power of Nano-diamond film were analyzed and tested. Comparing these tested curves, the luminance was well proportional to current was got. Theoretic, the inner resistance of NDF field emission display (FED) consumes electric energy and real voltage change between the cathode and the anode of NDF-FED was very small after electrons emit. So the characteristic of NDF-FED was preferable to describe by luminance-current linear relationship, which was advantageous to device tested and designed.
Introduction
Diamond, a wide-band-gap semiconductor material, possesses high hardness, high thermal production, high resistance rate, stable chemical and physical properties, especially the negative electron affinity (NEA) and low work function.
Many scientists have extensively studied on the specificity of natural diamond, diamond film, and diamond carbon film [1] [2] [3] . The results indicated that diamond was proper to be used as ideal electron emission cathode material for vacuum microelectronic devices and field emission. Compared with other field emitters, they showed lower emission threshold field and enhanced current capability. Comparing the different diamond films which were fabricated in different methods, many attentions had been put on the field emission application of Nano-diamond film (NDF) by chemical vapor deposition (CVD) process. The CVD process and other synthesis of the large area NDF needs long time and high cost, and it was difficult to adulterate impurity [4] [5] [6] [7] [8] . So the sol-gel method was chosen coating NDF. It was found that through adulterated impurity can enhance the electron translocation rate and electron emission efficiency. However, one of these was the control on the electron emission and anode luminance [5] [9] [10] [11] [12] . Through thermal-sintering and post-treatment technique to make diamond emitters, it exposed from NDF to improve field emission stability and emission uniformity. In order to obtain effective luminance control methods, it was necessary to investigate luminescent rule of the NDF for field emission display (FED). If some stated rules want to be gained, theoretical analysis, accurate measure and correct method must be used. In reported some practicable test circuit [13] [14] [15] [16] , only power supply voltages were measured. Our group research coated NDF and application to design pressure sensor and so on [17] [18] . In this paper, we present the current-voltage characteristic and anode luminance-voltage characteristic of NDF that both power supply voltage and device voltage were measured at the same time and discuss the anode luminescent rule for NDF.
Sample Fabrication Preparation of Electrode
The poor field emission characteristic was improved by adulterating other material. A low cost Nano-diamond paste was developed by mixing Nano-diamond and Nano-graphite with other inorganic and organic vehicles. Then we used a high mesh to filtrate Nano-diamond paste to remove big grains. Nano-diamond film was fabricated by sol-gel method at 3000/min process as cathode. A series of sol-gel NDF with different proportions were designed for the field emission characteristic test intentionally. NDF was fabricated on indium tin oxide (ITO) glass substrates. The NDF cathode was fixed on substrates by using three-step sintering process. The temperature curve of three-step sintering process for sol-gelled NDF was showed in Figure 1 . The post-treatment process want to dismantle a lot leftover layer onto NDF surface and make many Nano-diamond emitters exposed from NDF.
A schematic diagram of the structure and the test-circuit in measurement for NDF sample was showed in previous article. It was a diode-type field-emission device with NDF cathode and phosphor-coated ITO transparent anode, the distance between cathode and anode was 280 um. NDF was prepared directly on ITO glass substrate by sol-gel method at 3000/min process as cathode. The ITO film coated on the base plate was patterned with photolithography as anode and part of the lead. The insulator spacers were constructed by baking and sintering the insulator frit paste that was screen printing on. The inner electric connecting line was sintered from a silver paste strip with the same process as the insulator spacer layer. The phosphor layer was made by almost the same process, except that the phosphor layer did not need to be sintered. The vacuum package was X. X. Zhang et al. fabricated with some vacuum-fluorescence-display-like process technologies. A detailed process can be seen in previous report [10] [17] .
The measurement of electron field emission property could be carried out. The test chamber space between the cathode and the anode is about 280 µm. The inner intensity of pressure was lower than 1.0 × 10 -5 Pa, which is an experience value. Electrons emitted from NDF cathode are accelerated and then excite the phosphor on the anode of ITO film lighting. Lighting photo of operating sample was showed in Figure 2 .
Testing
As the gap between NDF cathode and the phosphor layer anode of a NDF -FED was very small, big current-limiting resistance was used generally in testing to avoid device destroying. The resistance between the cathode and the anode measured by ohmmeter, its value was infinity, so the current-limiting resistance was usually neglected and the device voltage was substituted by power supply voltage. When electrons emit at high voltage, the resistance between the cathode and the anode was not infinity, substitute the device voltage with the power supply voltage in characteristic measuring of NDF-FED was unreasonable. In order to clarify the difference, both power supply voltage (U2) and device voltage (U1) were measured at the same time, where the current-limiting resistance was 1 MΩ. The measured dates were showed in Table 1 . The luminance of NDF-FED was measured by the Chroma Model 7100 CRT Color Analyzer. Because the luminescent area was 1 cm 2 only, which was smaller than the sense lens area, the data of lightness in Table 1 were the indicating value of the CRT Color Analyzer multiplied by the ratio of the sense lens area to the lighting area. Based on the data in Table 1 , the current-voltage characteristic and the lumin-ance-voltage characteristic of the sample were showed in Figure 3 and Figure 4 , respectively. In Figure 3 , there was a big difference between the power supply Figure 2 . Lighting photo of operating sample. 
Luminescent Rule
In Figure 4 , the luminance was approximately proportional to power supply voltage and device voltage, but it was not convenient application because there were big curve slope of luminance-U1 and curve difference of luminance-U2
with different current-limiting resistance. So the curve of luminance versus current was showed in Figure 5 and the curve of luminance versus device power was showed in Figure 6 . Obviously, the luminance was well proportional to current. In Figure 6 , the luminance was approximately proportional to device power IU1, but it was not proportional to drive power IU2.
The reasons of these curve formation were analyzed as followed: On the one hand, because of light coming from the phosphor excited by electrons, the luminance must be proportional to the number of electrons that bombard phosphor. Namely, the luminance of NDF-FED must be proportional to current. On the other hand, the energy of an electron gained from electrical field was about ( ) U is voltage drop between the cathode and the anode, ε is dielectric constant, and d is the spacing interval between the cathode and the anode. According to the field electron emission theory, when the electric field intensity reaches the threshold, electrons will emit from Nano-diamond. Namely, the electron emission occurs only when the accumulation of charge on the surface of emitter reaches a certain degree. The electron emission, however, will reduce the electric field intensity on the surface. So, the value of electric field intensity was approximately fixed and real voltage change between the cathode and the anode of a NDF-FED is very small after electrons emit. Based on these analyses, it was more proper to describe the characteristic of a NDF-FED by luminance-current linear relationship.
Summary
A diode-type field-emission device with Nano-diamond film cathode was fabricated by the vacuum-fluorescent-display-like package processes. Nano-diamond film was fabricated by sol-gel method at 3000/min process as cathode. Very ideal ance-current curve with luminance-voltage curve and luminance-power curve, it was found that the luminance was well proportional to current. Theoretical analysis showed that the reasons were the inner resistance of NDF-FED consumes electric energy and real voltage change between the cathode and the anode of NDF-FED was very small after electrons emit. Hence, the characteristic of NDF-FED was preferable to describe by luminance-current linear relationship, which was advantageous to device tested and designed.
